ABSTRACT Tobacco use is increasing among young people, especially in Gulf nations such as Saudi Arabia. The objectives of this study were to estimate the prevalence and behavioural patterns of tobacco use among undergraduate students at King Saud University, Riyadh, Saudi Arabia during the academic year 2008/09 and investigate factors that influenced their tobacco use. A cross-sectional study was done of a representative sample (n = 6793) of the undergraduate student population using a modified version of the global youth tobacco survey questionnaire. The prevalence of smoking was 14.5% among students, 22.2% and 2.2% among fathers and mothers and 43.1% and 14.8% for male and female siblings; 15.0% reported all or most of their friends smoked. The most important independent predictors of smoking were: friends' smoking (some: OR = 6.7 and all: OR = 54.9), sister's smoking (OR = 2.2), mother's smoking (OR = 2.1), single status (OR = 1.7) and age (OR = 1.18). 
Introduction
Tobacco use is increasing among young people. For the period 1999-2008, the World Health Organization (WHO)/ Centers for Disease Control global youth tobacco survey (GYTS) has shown that smoking starts as early as 13-15 years. Estimates of current cigarette smoking at this age in Eastern Mediterranean Region (EMR) nations range from 2% among girls to 7% among boys, but for waterpipe smoking the rates are higher for both sexes, ranging from 9% among girls to 14% among boys. Moreover, susceptibility to initiate smoking was estimated to range between 14% (girls) and 20% (boys) in the same age group [1] . In 2007, the GYTS in Saudi Arabia estimated that 6.7% of 13-15-year-old students currently smoked cigarettes and an estimated 11.9% currently smoked waterpipes [2] . Studies on tobacco use and its risk factors among secondary-school students in Gulf countries have been carried out in Bahrain [3] , Saudi Arabia [4] [5] [6] [7] , Kuwait [8] and Yemen [9] , and can be compared with high-school students in the Syrian Arab Republic [10] and Egypt [11] . In spite of the many studies carried out in the EMR on tobacco consumption among secondary/ high-school students, only some have focused on university students, such as studies performed in Saudi Arabia [12] , Jordan [13] , Egypt [14] , Lebanon [15] , Bahrain [16] and the United Arab Emirates (UAE) [17] .
A compendium of tobacco consumption surveys in Saudi Arabia during the past decade (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) has shown that the prevalence estimates of tobacco use among young adults of university age range from 2.4%-37.0%. Such studies have also demonstrated that smoking, particularly cigarettes and waterpipes, is a widespread problem, which is increasing in scale and over time [18] . Higher prevalence has been associated with age, being male, single and highly educated. Desire, idleness, peer pressure and enjoyment were examined as predictors for smoking among youngsters in Saudi Arabia [4] [5] [6] [7] .
Although many studies have been conducted in Saudi Arabia regarding tobacco consumption among secondary and university students (especially males), university-wide surveys are needed to highlight tobacco consumption patterns and different risk factors that may contribute to adoption of the habit among Saudi youngsters, comparing students of different sexes, majors and school years. Thus, the objectives of this study were to estimate the prevalence and behavioural patterns of tobacco use among undergraduate students at King Saud University, Riyadh, Saudi Arabia during the academic year 2008/09 and investigate different factors that contribute to tobacco use among the students.
Methods

Sample
A cross-sectional approach was used for data collection, which took place during the academic year 2008/09. A representative sample of the total King Saud University undergraduate student population of 69 498 (males and females) was selected, based on an estimated prevalence of tobacco use in Saudi Arabia of 24%-25%, which is higher than the average mentioned above. The sample was stratified according to college, and then clusters of classes were taken from each stratum. The total target student population of 69 498 was stratified according to college and sex. Different colleges were further stratified into 3 groups according to type of studies: health-related colleges (including: medicine, dentistry, nursing, pharmacy and applied medical sciences); non-health related colleges (including science, computer science, arts, education, language and translation, administrative sciences); and Islamic studies. The initial sample of 7550 male and female students comprised 2500 students from health-related colleges (to ensure good representation of this group in the sample) and 5250 students from non-health-related colleges.
The inclusion criteria for the study sample were: full-time student status, enrolment in one of the university's undergraduate programmes during the academic year 2008/09, studying at the Riyadh campus, age range 17-25 years.
Data collection
The GYTS questionnaire [19] was used for data collection, modified to suit the King Saud University student population (rather than a school population), and 2 versions for males/females were used, with questions in Arabic language. The original Arabic GYTS version has been validated by WHO in different Arabic speaking countries, and a pilot study was carried out on 50 students to finetune the questions before actual data collection.
The self-administered questionnaire covered demographic data (age, sex, college, marital status, employment); tobacco use patterns (type of smoking, frequency, age of initiation, duration), as well as possible risk factors which could encourage students to start smoking. A smoker was defined as someone who was currently using ≥ 1 tobacco products (cigarettes, waterpipe, etc.). Current smoking included daily, non-daily and occasional smoking (according to WHO, prevalence of current tobacco use among adults aged > 15 years).
The questionnaires were distributed and collected by 40 medical students. The anonymity of participants was emphasized and confidentiality strictly maintained on all collected questionnaires. Permission of the dean of the college and the instructors of selected classes was obtained to collect data during classes. Approval of King Saud University research ethics committee as well as administrative sections in different college departments was obtained.
Data analysis
Data were reviewed on a daily basis for completeness and accuracy, then managed and analysed using SPSS, version 17.0. Data management included coding, cleaning, entry, analysis and presentation in tables. Descriptive statistics [mean, standard deviation (SD) and proportion] were used to describe the study variables. The chi-squared test was used to test for associations and the chi-squared test for trend and Student t-test for independent samples were used for bivariate analyses. Crude odds ratios (OR), with 95% confidence intervals, were calculated to measure the strength of association of each of the categorical variables with the nominal outcome variable (smoking status). The Breslow-Day test was used to test for the possible effect modification by some variables on the outcome variable. Stepwise multiple logistic regression was then used to arrive at the adjusted OR to identify the most important predictors for smoking among students in our sample. A P-value < 0.05 was considered statistically significant.
Results
Background data
The response rate for distributed questionnaires was about 90% (6793 from the target of 7550 students), but not all questions were attempted by all participants. The mean age of the participants was 21 (SD 1.9) years. As seen in Table  1 , 44.5% of students were males and 55.5% females. Most sampled students were single (90.0%). As planned during sampling, about one-third of the students were from health-related colleges (33.2%). More students participated from the first 4 years of study (87.5%) than from the final 2 years (5th and 6th) (12.5%), who were predominantly from health-related colleges. More mothers of students in our sample (12.8%) were reported to "neither read nor write" than fathers (6.6%). Also, more mothers (59.0%) than fathers (46.2%) had received basic education, while more fathers (47.2%) than mothers (28.3%) had received university education (including graduate studies) ( Table 1) .
Prevalence of smoking
The overall prevalence of smoking among students in our sample was 14.5% (Table 2) ; among fathers and mothers prevalence was 22.2% and 2.2% respectively and 15.0% reported that most or all of their friends smoked. Table 3 shows the consumption pattern of smoking with respect to type of tobacco product. More male smokers reported consuming cigarettes (48.2%) compared with waterpipe (36.4%) and snuff (4.3%); the distribution among female smokers was similar. On the other hand, an almost equal distribution of smoking type was reported from health-related college students for cigarettes (45.5%) and waterpipe (45.2%). This was very different from non-health related students (51.3% and 31.2% respectively). Greater cigarette than waterpipe consumption was observed across all years of study (Table 3) . Moreover, marital status (comparing single with married subjects) was significantly associated with smoking status (OR = 1.8, P < 0.001). Students of Islamic studies were at lower risk of smoking than students studying in health-related (OR = 2.1, P = 0.018) and non-health related (OR = 2.3, P = 0.004) departments. In addition, a highly statistically significant rising trend of smoking risk was observed from freshmen in their 1st year of study to final year students in the 6th year (OR = 3.0, P < 0.001). Parent's (both father's and mother's) education level was not significantly associated with the smoking status of study subjects. But father's (OR = 1.8), mother's (OR = 2.8) and sister's (OR = 6.1) smoking habits had a statistically significant association with the smoking habit of the sample (P < 0.001). Surprisingly, our data did not show a statistically significant association between the smoking status of study subjects and brother's smoking status (OR = 0.9, P = 0.29). Also, a increasing trend of risk of smoking among students was observed according to friends' smoking status (peer pressure), which increased significantly from some friends (OR = 8.8) to most friends (OR = 44.0) to all friends (OR = 75.5) (χ 2 = 1451.9, P < 0.001) (Table 4) .
Bivariate analyses
Thus, peer pressure was used as the most important predictor for smoking among students in our sample for further analysis for potential effect modification by variables (sex, paternal Table 5 . Table 6 shows the results of stepwise logistic regression including statistically significant variables from the bivariate analyses. The most important independent predictors of smoking among the students in our sample were: friends' smoking status (OR = 6.7 for some, 31.7 for most and 54.9 for all friends, P < 0.001); sister's smoking (OR = 2.2, P < 0.001); mother's smoking (OR = 2.1, P < 0.006); marital status (OR = 1.7 for single, P = 0.014) and older age (OR = 1.2; P < 0.001).
Independent risk factors of smoking (multivariate analysis)
Discussion
The overall prevalence of smoking among students of different colleges/ sexes in our sample was estimated at 14.5%. A recent systematic review of 66 studies reflecting an international comparison of tobacco smoking surveys conducted among medical students between 1976-2006 indicated that the overall prevalence ranged from 3% (in Australia) to 44% (in Spain) [20] . Moreover, a recent compendium of tobacco consumption surveys in Saudi Arabia during the past decade (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) has shown that the prevalence of tobacco use among young adults of university age ranged from 2.4%-37.0% [18] . Recent estimates of tobacco consumption among male medical students in Riyadh, Saudi Arabia reflected a decline from 33% in 1992 [21] to 13% in 2006 [22] . This seems to agree with our estimate of 14.5% and that of a survey carried out at University of Sharjah, United Arab Emirates, during 2005, which estimated the overall prevalence of smoking among its students at 15.1% [17]. Nevertheless, such estimates are still high among young educated adults who should be role models for their community, fighting tobacco use rather than using it. Although bivariate analysis showed that sex was significantly associated with smoking status among students in our survey, further analysis showed that, in fact, sex was an effect modifier, related to peer pressure and smoking status. Such an observation differs from recent articles which dealt with sex as an independent fisk factore for smoking, such as a recent international comparison of smoking surveys among medical students [20] , among Sharjah university students [17] , as well as among adult Saudi nationals [23] . However, the prevalence of smoking among female students may be an underestimate, as smoking is considered taboo in conservative communities such as Saudi Arabia.
Considering students of Islamic studies as baseline (assuming them to be more conservative owing to the nature of their studies), students in health and non-health related subjects were at higher estimated risk of smoking. Such a finding agrees with those reported from the student survey at University of Sharjah where smokers were predominantly (89%) from non-health related majors [17] , and a recent study in Rawalpindi, Pakistan where smoking prevalence was estimated to be 32.7% among medical students compared with 41.0% among non medical students [24] . This reflects the possible effect of Islamic studies and healthrelated curricula on raising awareness of students, protecting them to a certain extent from taking up the habit of smoking.
In addition, we observed a highly statistically significant rising trend of smoking risk from 1st year students to 6th year students. A similar finding was reported from a recent Turkish longitudinal study of tobacco consumption among medical students in which about one-third of original non-smokers in the 1st year had become smokers by the end of the 6th year of study [25] . An Indian study reported a steady increase in smoking prevalence from 17% during the 1st year to 43% in the 5th year [26] . At a time when we expect that more university education prevents students from becoming smokers, it seems that stress and perceived relaxation and better mood, as usually reported by smokers, may be related to the observed increase in smoking prevalence during the final years of basic university education at King Saud University. Father's, mother's and sister's smoking habits had a statistically significant effect on the smoking habits of their offspring/siblings. Such findings confirm similar results reported from the UAE indicating that having a smoking family member (father/mother/both) was an important predictor of smoking among University of Sharjah students [17] . In Bahrain too there were reports that the smoking status of fathers and brothers were significantly different between smokers and non-smokers [3] . In India a study found tobacco use was more common among male medical students belonging to families where tobacco use was prevalent [27] .
The strongest predictor of smoking among students in our study was peer pressure (having a smoking friend), with regression analysis showing a rising trend from OR = 6.7 for some friends smoking to 54.9 for all friends as smokers. Such a finding has been consistently reported from numerous studies carried out in different Gulf nations, such as Saudi Arabia [4] [5] [6] 22, 23] [25] . However, it should be noted that sex, father's smoking, brother's smoking and year of study were shown to be effect modifiers (i.e. association of peer pressure with the smoking status of students in our sample).
Qualitative methods could be used to further study the findings of this quantitative study, to give more in depth understanding of this social phenomenon among university students. Moreover, better estimates of smoking among young women should be sought in further research among this sub-group of the community.
University students in Gulf Cooperation Council nations, as in Saudi Arabia, are vulnerable to taking up the habit of smoking, especially waterpipe and cigarettes among males. The importance of role-models (parents, siblings, peers, teachers, etc.) cannot be emphasized enough. Anti-smoking campaigns are warranted during university education to follow similar activities during basic education. Banning smoking on university premises can also help restrict students from smoking, as much as possible, in addition to providing on-campus special services which could assist smokers efficiently quit this addictive habit. Finally, sporting and exercise facilities should be availed to allow for dissipating energy of youngsters in this critical age.
